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APPLICATION of the THREE-PHASE ELECTRODE for  
 
-STUDYING THE ION TRANSFER PROCESSES ACROSS  
THE LIQUID|LIQUID INTERFACES 
 
-Measuring the THERMODYNAMICS OF ION TRANSFER 
 
-MEASURING the KINETICS of ION TRANSFER 
 
-MAKING ELECTROCHEMICAL SENSORS  
for BIOLOGICAL COMPOUNDS 
 
-Synthesis of Ag-Nanoparticles at L|L interface 
(cathalysis) 
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Phase-Transfer Catalysis Kinetics of Ion Extraction 
Electrochemical Sensors 
Drug Delivery in 
 Pharmacology 
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Standard Gibbs energy of transfer DGo-the main physical 
parameter deduced from the studies of the ion transfer 
























Link between partition coefficient P  
and standard Gibbs energy of transfer 








Importance of the partition coefficient 
 Measure of the lipophilicity 
of the compounds 








Until recently: Four electrode measurements  
(cyclic volatmmetry) at the 
 Interface between two immiscible    
 electrolyte solutions  (ITIES)  
was the only technique for  









The determination of logP of neutral solutes almost a routine work 
 -with the help of various partition techniques 
The determination of logP of single ions requires potentiostatic 
 controlling of the interfacial potential established at the  
liquid|liquid interface due to the ionic partitioning 
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E / V (vs. Ag / AgCl (sat. NaCl)














E / V vs Ag/AgCl (sat. NaCl)
Three-phase electrode approach 
Scholz et all, Electrochem. Commun. 2, 
2000, 112.  
























representing the redox reaction of dmfc at 
WE|NB|w three-phase electrode followed 
by transfer of common inogranic anions 


























Ep / V = 0.95DX
- - 0.259 (R2 = 0.99)  
Peak potentials of the net SW voltammetric responses of dmfc in 
NB as a function of the standard potentials of transfer of 






















C. water|Nitrophenyl octyl ether 
 
D. water|D- and L-2-octanol 
 
E. water|D- and L-Menthol 
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 I. Inorganic anions 
 
 II. Organic anions-Monoanionic 
forms of: 
 
 A. Phenols 
 B. Cyclo-, Mono, Di-, and halogen 
substituted carboxylic acids  
 C. Amino acids 
 D. Peptides 
 E. Medicaments 
A. Transfer of Ions across 
the water|nitrobenzene Interface 
V. Mirceski, R. Gulaboski, F. Scholz;Electrochem. Commun. 4 (2002) 813-818  
 Š. Komorsky-Lovric, K. Riedl, R. Gulaboski, V. Mirceski and  
F. Scholz, Langmuir 18 (2002) 8000-8005,  
 R. Gulaboski, K. Riedl, F. Scholz,Phys. Chem. Chem. Phys. 5 (2003) 1284-1289  
R. Gulaboski, K. Caban, Z. Stojek, F. Scholz;Electrochem. Commun. 6 (2004) 215 
V. Mirceski, R. Gulaboski, F. Scholz,J. Electroanal. Chem. 566 (2004) 351  
15 






















E / V (vs Ag/ AgCl (sat. NaCl)
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 R. Gulaboski, V. Mirceski, F. Scholz;Amino Acids 24 (2003) 149–154  
R. Gulaboski, F. Scholz, J. Phys, Chem. B 107 (2003) 5650-5657  
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 among the organic solvents used for studying 
the lipophilicity of solutes,  
n-OCTANOL is certainly the most important 
one 
  
It is an ideal mimic for the biological membranes 
(amphipathic nature similar to those of the lipides in 
biological membranes, long alkyl side chain and OH 
group)  
No data in the literature about the 
standard ion potentials of transfer across 
the interface water|n-octanol:  
 
Reason: non-polarizability of the 
interface water|n-Octanol  
H 
G. Bouchard, A. Galland, P.-A. Carrupt, R. Gulaboski, V. Mirceski,  
F. Scholz, H. H. Girault, Phys. Chem. Chem. Phys. 5 (2003) 3748-3751  



















E / V vs Ag | AgCl




Transfer of anions of medicaments and model 
compounds across w|n-octanol interface 
20 
2-Nitrophenyl octyl ether-used as an  
alternative solvent for n-octanol 
It shares the structures of  
Nitrobenzene and n-octanol 
11. R. Gulaboski, A. Galland, G. Bouchard, K. Caban, A. Kretschmer,  
P.-A. Carrupt, Z. Stojek, H. H. Girault, F. Scholz,J. Phys. Chem. B, 108 (2004) 4565  
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Comparison between partition coefficients in w|NB and  
w|NPOE, and w|n-oct and w|NPOE 







      
   
 chiral solvent                    dmfc            dmfc+  
       
  
       
           
























3. Quantification of the enantiomeric anion transfer 
energies across water|chiral liquid interface 
 F. Scholz, R. Gulaboski, Faraday Discuss., 2005, 129, 169–177  
 F. Scholz, R. Gulaboski, V. Mirceski, P. Langer;Electrochem. Commun. 4 (200 )
659-662  
 








0 ± 0.25 
kJ/mol
1.7 ± 0.26 
kJ/mol
0.05 ± 0.24 
kJ/mol
1.6 ± 0.28  
kJ/mol
L-Lys in L-Oct L-Lys in D-OctD-Lys in D-Oct D-Lys in L-Oct










0 ± 0.10 
kJ/mol
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kJ/mol
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kJ/mol
3.0 ± 0.20  
kJ/mol
D-Phe in D-Oct L-Phe in L-Oct D-Phe in L- L-Phe in D-Oct








0 ±  0.35
 kJ/mol
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kJ/mol
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kJ/mol
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kJ/mol
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-1






 F. Scholz, R. Gulaboski, K. Caban,Electrochem. Commun. 5 (2003) 929 
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EXPLORING THE THREE-PHASE ELECTRODE FOR  
MEASURING THE KINETICS OF ION TRANSFER  
ACROSS L|L INTERFACE 
Considering theoretically the reaction occuring at  
the Three-Phase Electrode: 
 
the apparent reversibility depends on dimensionless kinetic parameter 
Experimental (A) and theoretical (B) quasireversible maxima for 






0 0.005 0.01 0.015

































Kinetics of Ion Transfer measured by  
Electrochemical Impedance Spectroscopy (EIS) 
R. Gulaboski, V. Mirceski, C. M. Pereira.  













a) Glucose          Gluconic acid                          
(Enzymatic reaction) 
GlOx 
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R. Gulaboski, C. M. Pereira. M. N. D. S. Cordeiro, 
et al. J. Solid State Electrochem. 9 (2005) 469-474 
R. Gulaboski, C. M. Pereira. M. N. D. S. Cordeiro, et al., J. Phys. Chem B 109 (2005) 12549 
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Ag-nanoparticles at  
the L|L interface 
dmfc+ 
Gulaboski R, Mirceski V, J Phys Chem B 2005  
e- 
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Energy of making a cavity  
in the solvent  
to accomodate the solute 
Energy of reorganization  
of solvent molecules 
Short-term interactions 
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For anions-presence of the groups with negative inductive effect  
{NO2, X, OH} will produce dispersion of the negative charge  
throughout the structure of dissolved anions 
34 
Ecav. = 4w








 -common three-electrode setup 
 -simple, precise and fast determinations of 
 thermodynamic and kinetic parameters 
  -the approach applicable to different  
 organic solvents (octanol(s), menthol, 
 nitrobenzene, dichlorethan, nitrophenyl    
 octyl  ether, …) 
 -a huge data base of new determined 
 standard Gibbs energies of transfer of  
 various ions as well as of ks values 
  -Potential applications as a sensor  
 and by the ion separation processes 
 -MD Simulations needed for 
 molecular understanding  
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15. Electrochemistry of Immobilized Particles and 
Droplets-F. Scholz, U. Schröder, R. Gulaboski, 
Springer, Heidelberg, Berlin 2005. 
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Figure: blank voltammograms obtained by 
four-electrode measurements 
Transfer of perchlorate across water/NB interface 
Limitations of the 4-electrode voltammetry at ITIES: 
Narrow potential windows 
Applicable to few organic solvents only,  
mainly to 1,2 dichlorethan and Nitrobenzene 
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Effect of the SW 
frequency on the 
voltammetric response 
of DMFC  
























(5) f = 1000 Hz
(4) f = 500 Hz
(3) f = 200 Hz
(2) f = 100 Hz










E / V (vs Ag/AgCl)













SW voltammograms showing transfer of some monocations 
across the w|nitrobenzene interface 
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INITIALLY-NO ELECTROLYTE IN THE ORGANIC PHASE 
How (and where) can the reaction in organic phase start? 
-The natural partition of the electrolyte from aq. phase 
enables enough conductivity at the edges of organic phase 
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-Once the reaction in the organic phase starts, then  
significant ammount of ions is being created  
in the organic phase 
The Ionic content in organic solvent 
at potential that is 250 mV more negative  
than the formal potential of the redox system  
(i.e. at E(<0) –Eo = -250 mV): 
 
c(dmfc+X-)o = c(Salt)w*e/2 [-1+(1+(4*c(dmfc)o/e*c(salt)w)0.5] 
 
e= exp(F(E(<0) – Eo)/RT) 
 
c(dmfc+X-)org. phase = 5 mM!!! 
 











Expanding of the active organic layer 
(through diffusion of the ions) : 
 









Comparison between experimentally determined               
and the estimated values by using the 
electrostatic Born theory 
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The Ionic content in organic solvent 
at potential that is 250 mV more negative  
than the Standard redox potential  
(i.e. at E(<0) –Eo = -250 mV): 
 
c(dmfc+X-)o = c(Salt)w*e/2 [-1+(1+(4*c(dmfc)o/e*c(salt)w)
0.5] 
 
e= exp(F(E(<0) – Eo)/RT) 
 
c(dmfc+X-)org. phase = 5 mM!!! 
 
(for c(dmfc)o = 0.05 M, and c(salt)w = 0.5 M) 
 
 
Distance that can be reached by diffusion: 
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2: Benzoic acid 
3: 3-Nitrophenol
4: 2-Nitrophenol
5: Naphtoic acid
6: 4-Bromobenzoic acid
7: Suprofen
8: Indomethacin
9: Naproxen
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